The absorption spectrum of GQDs with monovacancy is composed of two weak bands at 582 nm and 641 nm (only the latter transition is presented in Figure 5b ). The first feature at 582 nm is mainly assigned to the transition between the HOMO and the L+3 level (with slight contribution of HOMO-1→L+2 transition). The second peak at 641 nm can be mainly attributed to HOMO→L+2, with negligible small contributions from HOMO-1→L+3. Interestingly, HOMO level demonstrates locally enhanced wave-function amplitude near the mono-vacancy. The absorption spectrum of GQD with divacancy is originating from two excited states with oscillator strengths of 0.2641 (transition at 390 nm) and 0.2947 (transition at 395 nm). H-6→LUMO (64%) and H-2→L+1 (10%) are involved in the first excited state. The second peak at 395 nm is attributed to the combination of H-1→L+2 (55%), HOMO→L+1 (16%) transitions. The H-1 and L+2 molecular orbitals (bottom panel of the Figure 5c ) suggest a low probability to find carriers near the divacancy region. Like for the monovacancy case, we find also a contribution of two electronic excitations namely, S9←S0 at 578 nm with an oscillator strength of 0.0371 and S11←S0 at 539 nm with 0.0382 to absorption spectrum of the GQDs with trivacancy. From the analysis of the electronic nature of the exited states, one can conclude that the dominant contribution to the interband absorption arises from H-6→LUMO (69%), H-5→LUMO (17%) transitions and from H-7→LUMO (67%), H-1→L+1 (16%) for the second state (Figure 5d ). Passing from the trivacancy to tetravacancy, we noticed that the absorption spectrum of the GQDs with tetravacancy is mainly composed of two bands at 423 nm (with oscillator strength of 0.2695) and 484 nm (0.384), respectively. A detailed analysis of the calculated results indicates that two transitions contribute to the most intense peak at 484 nm, including H-1→L+1 (15%), HOMO→L+2 (68%). Another feature at 483 nm is mainly related to the mixture of three transitions: H-3→LUMO (17%), H-1→L+2 (33%), HOMO→L+3 (36%). Figure 5d illustrates the contributing orbitals, which are involved in the corresponding transitions.
.Histogram showing the atomic charges on Cd (a), Hg (b) and Pb (c) estimated by using different population analysis models. 
